A case study was undertaken to observe the variations in the concentrations of the dissolved inorganic nitrogen species in the surface sediments of the littoral compartments at Bakkhali and Frasergunj situated within the single coastal stretch at the southernmost tip of West Bengal, India. Effects, if any, of the presence or absence of bioturbations on the variability of the dissolved nitrate-nitrogen, nitrite-nitrogen, ammonia-nitrogen, total dissolved nitrogen and the cumulative concentration of former three variables in the beach surface sediments were also noted. On site nitrite-nitrogen was found in alternate fluctuating patterns throughout the beach zonations with gradual lowering and peaking within each zone. An evidently prominent fact was the independence of dissolved inorganic nitrogen species from bioturbatory influences in the surface sediments of wave exposed littoral environments at the study sites. That effect might become significant in a vertical profile but from the data procured it can be stated that inorganic nitrogen species concentrations in surface beach sediments are not entirely perturbed by bioturbations and are governed by many other environmental parameters. A Pearson correlation performed on the normalized data sets revealed that there existed a fairly significant correlation in between the both the beach sediments with r-values ranging from -0.97 to +0.99 among the five variables considered at 95% confidence level. ANOVA Single factor yielded values in support of the rejection of the null hypothesis.
Introduction
Oxidation of various organic compounds trapped within the sediments of aquatic ecosystems, especially those of marine and estuarine ecosystem by microbial communities is one of the most important processes of regeneration of nutrients on which the 800 Mukherjee et al.
Braz. J. Biol. Sci., 2018, v. 5, No. 11, p. 799-814. benthic and planktonic primary producers rely heavily and thus ensuring the functional stability of the ecosystem (Carpenter and Capone, 1983; Blackburn and Sørensen, 1988; Herbert and Nedwell, 1990; Sloth et al., 1995) and along with carbon, one the most significant elemental nutrients to govern primary production is nitrogen (Dugdale and Goering, 1967; Hecky and Kilham, 1988; Gilbert, 1988) and various stages of the nitrogen cycle are influenced by the availability of reactive carbon sources (Paerl et al., 1987; Smith and Hollibraugh, 1988; Caffrey et al., 1993) . Jørgensen and Revsbech (1989) and Lomstein and Blackburn (1992) stated that land ocean boundaries at the coastal areas of estuarine ecosystems, lagoons or oceans are characterized by the lack of atmospheric pressure in terms of volume of water over a certain substrate area and here the biotic transformations of elements are mostly microbe dependent. Rate of conversion of organic nitrogen to its inorganic form through microbial interferences in coastal environments serve as one of the most potential triggering factors of primary productivity as nitrogen is most often cited as the limiting nutrient in marine environments (Dugdale and Goering, 1967; La Roche, 1983; Klump and Martens, 1983; Howarth et al., 1988; Bebout et al., 1994) . According to Herbert (1999) , the driving force for benthic nitrogen cycling is the degradation of organic matter deposited at the sediment surface or excreted by the roots and rhizomes of rooted macrophytes (Hines et al., 1989; Jensen et al., 1990; Lohse et al., 1993) .
There have been many studies performed in the past, for example the likes of works done by Goldhaber et al. (1977) or Caffrey et al. (1993) , that have reported the influence of fluvial deposits, trans-sediment transport, lower atmosphere-upper hydrosphere interactions or presence/absence of bioturbation on the concentrations of reactive inorganic nitrogen species among which ammonium and nitrate nitrogen serve to be more influential as nutrients to primary producers in coastal aquatic ecosystems that fall well within the euphotic depth. Works by Blackburn and Henriksen (1983) and Jensen et al. (1990) have focused exclusively on the exchange of nutrients across the benthic sector in aquatic ecosystems and according to them the study of benthic nutrient regeneration and exhaustion in effect demonstrate the rate of oxidation and reduction of nitrogen along the nitrogen cycle through processes like ammonification, nitrification and denitrification, thus depicting the entrapment and emancipation of elemental nitrogen. A highly humic or fulvic benthic environment is a likely product of fluvial or lacustrine inputs laden with suspended particulate matter and the presence of flocculants trigger the sedimentation and the organic matter deposited in such ecosystems is rapidly degraded through intimately linked processes of mineralisation, decomposition and maturation. The degradative activities of the decomposer communities on the organic sediments render the environment oxygen depleted because of their oxygen dependent respiration and generally call for electron acceptors other than oxygen, e.g. CO 2 , NO 3 , SO 4 , Mn, oxides of Fe etc (Sørensen et al., 1979; Kerner, 1993) in action. The benthic meiofauna and infauna both play significant roles in processing that portion of the organic load which are pushed down at a rather brisk pace by the overlying sediment layers and otherwise would have been difficult for the heterotrophs to cope with on their own. The sediment surface heterotrophic decomposers work in tandem with the benthic organisms within the sediment layers to regulate the release and regeneration of inorganic nitrogen and/or nitrogenous compounds serving as nutrients. The gradual depletion in the alternative electron acceptors by the sediment microflora results in the formation of clearly demarcated biogeochemical strata except where the continuity of these zonations is severed by the bioturbatory features (Aller, 1980) . In order to gain an understanding of the factors regulating nitrogen cycling in coastal marine sediments there is a need to understand how the individual, microbially mediated processes that make up the nitrogen cycle are controlled. The present study was performed on the tidal flats of Bakkhali and Frasergunj, situated on the northern coastal Bay of Bengal and is the first of its kind in terms of investigation of the changes in nitrogen species viz. nitratenitrogen, nitrite-nitrogen and ammonia within the first 5cm of sediment from the supralittoral to the sublittoral zone, following a slope from the farthest to the nearest point of the land-sea boundary. The outcome of this study is of immense importance and should contribute to the existing knowledge pool on nitrogen cycling.
The study was governed by the following hypothetical objectives: 1. Observation of the variation in concentrations of inorganic nitrogen species, 2. Understanding the distribution patterns of inorganic nitrogenous compounds in beach surface sediments, 3. Demarcation of beach zonations with highest and lowest concentrations of inorganic nitrogen species, 4. Establishment of interrelationship, if any, between the same and 5. Expansion of knowledge regarding tropical coastal ecosystems/ ecology by obtaining information from the present study which can be used as references in future.
Material and methods

Study area
The Sunderban ecoclimatic region has a physiologically dry saline soil. The edaphic characteristics of the region can be silty, sandy or clayey. Sandy sediment layers are generally encountered near the beach tidal flats extending inwards with the aid of sand dunes and tidal creeks. These are coarser and porous and are not suitable for accumulation of organic carbon which ultimately forms the fertile surface layer. That is the characteristic of forest or mudflat sediments with visibly higher diversity of flora and fauna. Although the marine influence brought about by the high tides render the surface layers to be alkaline (pH > 8.0), predominantly it varies from being acidic to neutral (pH 5.0-7.3).
The subsurface layers are almost always acidic due to the actions of the anaerobic bacteria and accumulation of litter which ultimately get converted into humic and tannic acids. Another very intriguing feature of the mangrove ecosystem and the beach is the presence of varying degrees of bioturbation which greatly affects the physicochemical nature of this ecosystem, mostly in an ameliorative manner but at times also detrimental (Mukherjee et al., 2016) .
The sampling stations were selected based on their physico-chemical parameters mainly focusing on anthropogenically disturbed marine and coastal ecosystems. The selection of stations ( Figure 1 ) was based on the pretext of observing the responses of the biotic communities which are constantly influenced by the ever changing stoichiometry of the ambient media. The following is a short description of the sampling stations:
Bakkhali (21° 56' 33" N; 88° 25' 94" E): Around 3 km from Frasergunj, this is a sea side resort with long beach bordered by Casuarina trees and presently characterized by the formation of an enormous tidal flat. The area with many sanctuaries, fisheries and resorts is highly perturbed and its flora and fauna are under enormous stress of being constantly over-exploited, with very little measures taken by the concerned authorities.
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Collection of samples
The study was performed in the premonsoon period [March to June] of the year 2017 and beach sediments and water samples were collected from Bakkhali and Frasergunj. Littoral areas at Bakkhali and Frasergunj of 1,000 and 800 sq ft, respectively, were delineated for collecting samples at an interval of every 10 ft while segmenting the traversed beach area into 11 and 9 zones, respectively, encompassing the supralittoral, littoral and sublittoral zones [Bakkhali: Supralittoral Zone (SPZ The sediments were collected ascetically using sterilized spatula from the upper 2.5 cm of the surface of the beach before the onset of the high tide when there was less turbulence and churning. From each hypothesized zone, samples were collected in triplicates.
The sediment samples were kept in sterilized containers under refrigerated conditions and upon returning to the laboratory 5 g of the wet sediment sample from each of the collected sample stock were placed in polythene beakers and 50 mL of 2M KCl was added to each for extraction of inorganic compounds such as dissolved nitrogen salts. The beakers were kept undisturbed for a period of one week in room temperature.
Analysis and estimation
This section is subdivided under two distinct headings dealing with analytical estimations and statistical analyses as follows:
Estimative
analyses. The sediment sample and water samples collected during the study period were subjected to analytical studies of dissolved inorganic nitrogen species viz. ammonia nitrogen, nitrite-nitrogen, nitrate-nitrogen and Total dissolved Nitrates by following Grasshoff et al. (1983) and APHA (1998) and their respective concentrations were represented as µmol.L -1 or µM.
Statistical analyses. The data obtained and generated during the present study were interpreted with the help of regression, t-tests, ANOVA, f-tests, correlations and descriptive statistics etc. The statistical analyses for the study were performed with the help of Microsoft Excel 2007 software data analysis tool pack and XLSTAT 2015.1.
Results and discussion
The present study was performed with the objective of studying the littoral compartments of the Bakkhali and Frasergunj Beach located at the north western coast of Bay of Bengal at the southernmost tip of the Indian state of West Bengal. The data generated through observation, collection and estimation of the variables considered for the study i.e. the dissolved inorganic nitrogen species, viz. Nitrite-nitrogen, nitrate-nitrogen, ammonia-nitrogen, total dissolved nitrogen and cumulative concentration of nitrite-nitrogen, nitrate-nitrogen and ammonia-nitrogen are represented as follows.
The post high tide (spring) beach was selected at both the locations as they lie on the same shoreline. Depending on the number of large burrows (1-> 2" of inner diameter at the entrance) the zones were designated as NBT or no bioturbation, BT or bioturbated (no. of burrows per sqft 1-2), HBT or Heavily bioturbated (no. of burrows per sqft >5) and LBT or lower than heavily bioturbated (no. of burrows per sqft >2<5 In case of Bakkhali (Figure 2a-e) , the SPZ1 and SPZ2 were designated LBT and HBT; L1, L2 and L3 were NBT, BT and BT; L4, L5 and L6 were BT, BT and NBT; L7 downward up to L10 registered no bioturbations, respectively. At the Frasergunj Beach (Figure 3a-e) , SPZ was designated as HBT; L1-L2 were HBT and BT; L3-L5 were NBT; L6-L7 were bioturbated with L8 having no bioturbatory features, respectively. Upon analyzing the total dissolved nitrogen (Figure 2d) Figure  3e ). The subtraction of the TDN data by the cumulative concentration of the nitrogen species should yield the tentative concentrations of nitrogen species which are non-reactive or are in colloid phase that cannot be analyzed and estimated through the use of estimative processes applied successfully for the others.
A degree of independence was noted in the dissolved inorganic nitrogen species in the sediments of the bioturbated regions through the perturbances of bioturbators, at least in the surface sediments of wave exposed littoral sections of the sampling sites. This might have become significant in a vertical profile but from the data procured it can be stated that inorganic nitrogen species concentrations in surface beach sediments are not significantly perturbed by presence of bioturbatory features such as burrows of decapods species but as the same decapods species sieve the surface sediment during low tide, their role in the eventual stoichiometry of the dissolved nitrogen species may not be neglected.
The Figure 4 represents a comparative account of the inorganic dissolved nitrogen species present in the ambient waters around Bakkhali and Frasergunj Beach. As it is evident from the two charts the total dissolved nitrogen concentration was far greater than the cumulative concentrations of the nitrite-, nitrate-and ammonianitrogen. The deficit might be explained by the presence of colloidal nitrogenous compounds which could not be dealt with in the absence of proper amenities. Dissolved ammonia concentrations in the waters associated with both the stations were far less compared to the sediments as was nitrite-nitrogen because sediments harbour more organisms than do water and larger number of organisms with greater quantity of faecal matter and increased action of decomposers help release much more ammonia and in aerobic conditions that gets converted to nitrites by denitrifiers and ultimately to more stable nitrates. That is the reason sediment free water has more nitrates compared to either nitrites or ammonia. The apparent homogeneity in the distribution of the dissolved nitrogen species throughout the study sites is because the sediments exposed to air and diurnal tidal influences are more or less shuffled and only depending upon the accumulation of organic matters in beach sediment ripple troughs can certain sectors show greater concentration of one or more variables under observation but the mean values of nitrogen species at the surface of various littorla segments remain more or less similar.
Although the mean values differ in case of each of the variables and stations, on the whole (all the beach zonations combined) the values show uncanny similarity and thus underlines the homogeneity of the variables at the surface of the sediments irrespective of the presence or absence bioturbatory features In comparison Frasergunj had registered higher mean values in most of the cases but ammonia. The reason behind Bakkhali having higher ammonia in the surface sediments lies in its tourism trade and large anthropogenic stresses in the form of litter, sewage, raw excrements etc almost always leads to the rise in ammonia. Frasergunj on the other hand is more silty and muddy in nature, thus retain greater organic load and hence the increase in variables like nitrite and nitrates. But the notion of the homogeneity comes from the observation on the values yielded from TDN or Σ (NO 2 -N, NO 3 -N, NH 3 -N) which are almost similar in the two different beach sediment. Bakkhali and Frasergunj seat on a single stretch that runs for almost 7 miles. In spite of the localized differences in the physico-chemical characteristics, the surface beach sediment stoichiometry as far as the dissolved nitrogen species are concerned, on a magnified scale, level out.
The Tables 1 and 2 dealing with the stoichiometric ratio of the selected variables along the various sampling zones within the littoral compartments highlight the issue discussed in the earlier section succinctly. Nitritenitrogen concentrations had bearing upon the concentrations of nitratenitrogen and ammonia-nitrogen concentration governed the ratio between it and total dissolved nitrogen since in the benthic environment ammonia appeared to be the most abundant of inorganic nitrogen species and the Σ (NO2-N, NO 3 -N, NH 3 -N) was understandably found to have significant bearing over the TDN in both sediments and water samples. The NO 2 -N: NH 3 -N and NO 3 -N: NH 3 -N in the water had more significant values, implying the interdependence on the presence of one for the existence of the other. There is significance in the variances of means [p at 0.05] of the data sets obtained from the estimations of nitrogen species in beach sediment and water samples of Bakkhali and Frasergunj (Table 3 and 4, respectively) with F>>F critical [ANOVA:
Single factor] thereby implying the rejection of the Null hypothesis. (Table 5 ) performed on the homogenized data set on the nitrogen species variation in beach sediments of Bakkhali and Frasergunj revealed there exists a fairly significant interrelation between the two beach sediments with r-values ranging from -0.97 to +0.99 among the five variables considered at 95% confidence level. The concentration of nitrogen species in the ambient water mass at the study sites exhibited significant variances (at 0.05 level of confidence) along with the data obtained from the various beach sections (Table 6 ).
Conclusion
The present work was performed to observe the variations in the dissolved inorganic nitrogen species in the beach surface sediments in the littoral compartments of Bakkhali and Frasergunj and also to study the impact of the presence or absence of bioturbations on the variability of the dissolved inorganic nitrogen species viz. dissolved nitrate-nitrogen, nitritenitrogen, ammonia-nitrogen, total dissolved nitrogen and the cumulative concentration of first three variables in the beach surface sediments.
At Bakkhali and Frasergunj, nitrite-nitrogen was found to appear in fluctuating patterns throughout the beach zonations with gradual lowering and peaking within each zone. The NO2-N and NO 3 -N appear to range in between 3.46±0.07 µM to 6.06±1.03 µM and 32.94±2.17 µM to 78.66±3.32 µM in all the investigated littoral zone surface sediments of Bakkhali and Frasergunj. Dissolved inorganic ammonia-nitrogen, total dissolved nitrogen or the cumulative concentration of the NO 2 -N, NO 3 -N and NH 3 -N appear to be reserved also considering every littoral zone sampled and not any one littoral zone appeared to dominate over the other. A very interesting fact that was evidently prominent was the independence of dissolved inorganic nitrogen species from bioturbatory influences in the surface sediments of wave exposed littoral environments like the beaches at Bakkhali and Frasergunj. From the data procured it can be stated that inorganic nitrogen species concentrations in surface beach sediments are not entirely perturbed by bioturbations and are governed by many other environmental parameters.
A Pearson correlation performed on the homogenized data sets revealed there exists a fairly significant interrelation between the beach sediments of the two beaches, with rvalues ranging from -0.97 to +0.99 among the five variables considered at 95% confidence level. ANOVA Single factor performed on the data sets generated during the present study probability and critical values expressing rejection of the Null hypothesis which means there was significance in the variance of means of the data sets.
The study revealed many fascinating insights on the changes in concentrations of the dissolved inorganic nitrogen species within the surface littoral sediments and more rigorous efforts should be put in future to find out more intriguing ecological phenomena of tropical beach environments.
